Nine single cross promising maize hybrids and three check varieties (NK40, BHM9 and 900 MGold) were assessed for genotype environment interaction (GEI) and stability for the selection of promising one(s) in seven different locations of Bangladesh. The AMMI (additive main effects and multiplicative interaction) model was used to analyze the genotype-environment interaction over seven locations to select desired hybrid having higher yield and other potential attributes. Regarding genotypes (G), significant variation was found in all the characters except yield while environment (E) was found significant for all the characters. The environment of Gazipur was poor; Jamalpur, Hathazari, Ishurdi, Rahmatpur, Burirhat, and Jessore were positive environments for tested maize hybrids. Considering the mean, bi and S 2 di for all the parameters, it was evident that all the genotypes showed different response of adaptability under different environmental conditions. Among the hybrids E12 (900MG), E7(CML502 × CML491), E1(BIL95 × BIL28), E10 (NK40) and E2 (BIL95 × BIL31) were exhibited high yielder.Considering bi ̴ 1(regression co-efficient), S 2 di ̴ 0 (deviation from regression)and mean versace IPCA1 (fig1)indicated that hybrids E7and E1showed the higher yield as well as stable across locations.
Introduction
Multi-environment yield trials are used commonly to release superior genotypes for target sites in plant breeding programs. Genotype Environment Interaction (GEI) is universal phenomenon when different genotypes are tested in a number of environments. The large GEI variation usually impairs the accuracy of yield estimation and reduces the relationship between genotypic and phenotypic values (Nachit et al., 1992) . GEI due to different responses of genotypes in diverse environments makes choosing the superior genotypes difficult in plant breeding programs. Numerous methods for multi-environment trials data have been developed to expose patterns of G×E interaction (Yamada, 1962) , joint regression (Finlay and Wilkinson, 1963; Eberhart and Russel, 1966) and currently AMMI (Gauch, 1992) and GGE biplot (genotype main effect plus genotype by environment interaction). AMMI model combines the analysis of variance of genotypes and the environment main effects with principal component analysis of the GEI into a unified approach (Gauch and Zobel, 1996) . Crossa et al. (1990) indicated that the AMMI model can be used to analyze the GEI and to identify the superior hybrid maize genotypes. Also, he pointed out that it can be used in the selection of the best test environments for hybrid maize genotype evaluation. Kaya et al. (2002) suggested that the interaction of the 20 genotypes with six environments was best predicted by the first two principal components of genotypes and environments. Also, they proposed that biplots generated using genotypic and environmental scores of the first two AMMI components can be used by breeders and have an overall picture of the behavior of the genotype, the environment and GEIs. More precise GEI estimates can be obtained with the AMMI model which makes to easier to interpret the results (Durate and Vencovsky, 1999) .
Maize is one of the most important food grains in the world as well as in developing countries like Bangladesh. It is the highest yielding grain crop having various uses. A great combination of high market demand with relatively low production cost, ready market and high yield has generated great interest among the farmers in maize cultivation. Day by day it is gaining popularity in the country due to vast demand, particularly for poultry industry. In Bangladesh it is the third most important crop after rice and wheat and it accounts for 4.8% of the total cropped land area and 3.5% of the value of agricultural output (Ahmad et al., 2011) . In 2015-16, maize was cultivated in 3.5 lac hectare of land in Bangladesh and production was 25 lac mtons (Bidan, 2016) . The objective of this study was to use the AMMI analysis model to assess the stability of some maize hybrids and verify the influence of a sample of environments at different locations of Bangladesh (Gazipur, Jamalpur, Hathazari, Ishurdi, Rahmatpur, Burirhat, and Jessore) in the productive performance of these hybrids.
Materials and Methods
The experiment was conducted at seven locations namely Gazipur, Jamalpur, Hathazari, Ishurdi, Rahmatpur, Burirhat, and Jessore during rabi 2014-15. Nine hybrids and three check varieties were evaluated in this study. The experiment was laid out in Randomized Complete Block Design with 3 replications. Seeds of each entry were sown in two rows, 4m long plots with 60 cm and 20 cm spacing between rows and hills, respectively. Seeds were sown at Gazipur on 14 December, Jamalpur on 27 November, Hathazari on 4 November, Ishuardi on 25 November, Rahmatpur on 24 November, Burirhat on 21 November and Jessore on 19 November. One healthy seedling per hill was kept after thinning. Fertilizers were applied @ 250, 55, 110 40, 5 and 1.5 kg/ha of N, P, K, S, Zn and B respectively. Standard agronomic practices were followed (Quayyum, 1993) and plant protection measures were taken as required. Two border rows at both end of each replication were used for minimize the border effect. Data on days to pollen shedding, days to silking was recorded on whole plot basis. Ten randomly selected plants were used for recording observations on plant and ear height. All the plants in two rows were considered for plot yield and converted to t/ha. The analysis of variance (ANOVA) was used and the GE interaction was estimated by the AMMI model (Zobelet. al., 1988) . In this procedure, the contribution of each genotype and each environment to the GE interaction is assessed by use of the biplot graph display in which yield means are plotted against the scores of the first principal component of the interaction (IPCA1). The computational program for AMMI analyses is supplied by Duarte and Vencovsky (1999) .The stability parameters, regression coefficient (bi) and deviation from regression (S 2 di) were estimated according to Eberhart and Russel (1966) . Significance of differences among bi value and unity was tested by t-test while between S 2 di and zero by F-test. All the data were processed and analyzed using Cropsatat 7.2 program.
Results and Discussion
Results of combined analysis of variance for five characters of twelve hybrids at seven environments are presented in Table 2 . The mean sum of squares for the genotypes was highly significant for all the traits except yield which revealed the presence of genetic variability in the material under studied. Environments mean sum of squares were highly significant for all of the characters. The highly significant effects of environment indicate high differential genotypic response across the different environments. The variation in soil structure and moisture across the different environments were considered as a major underlying causal factor for the GXE interaction. Environment relative magnitude was much higher than genotypic effect, suggesting that performance of each genotype is influenced more by environmental factors. Pi= Phenotypic Indices, bi= regreaaion co-efficient and S 2 di=deviation from regression E1= BIL95 X BIL28, E2= BIL95 X BIL31, E3= BIL95 X BIL79, E4= CL02720 X CLQRCYQ17, E5= CML451 X CL02450, E6= CLQRCYQ59 X CML161, E7= CML502 X CML491, E8= CLQRCWQ24 X CML491, E9= CLQRCWQ10 X CML491, E10= NK40, E11= BHM9, E12=900 MGold The AMMI biplot provide a visual expression of the relationship between the first interaction principal component axis (AMMI component 1) and mean of genotypes and environment ( Fig. 1 ) as well as relationship of IPCA1 and IPCA 2. From the figure 1 it was observed that hybrids E12 (900MG), E7, E1, E10 (NK40) and E2 were highest yielder but among them hybrids E12 (900MG), E7, 306 KARIM et al.
E1 and E10 (NK40) were more stable because they have smaller IPCA1 score which is near about zero. Since IPCA2, scores also play a significant role in explaining the GEI; the IPCA1 scores were plotted against the IPCA2 score for further explanation of adaptation (Fig 2) . The hybrids E4, E6, E8 and E9 were unstable due to their dispersed position. E1, E5 and E7 appeared to be more stable when plotting the IPCA1 and IPCA2 scores. 
Conclusion
Considering the yield potentially and stability parameters, two tested hybrids viz. E7 (CML502 × CML491) and E1 (BIL95 × BIL28) genotypes showed the highest yield as well as stable for over all environments and need to be further evaluated in large plots before release as commercial hybrids across ecological zones in Bangladesh.
